The Standardized Precipitation Index (SPI) was computed for October to December (OND) and January to March (JFM) summer subseasons for Free State Province, South Africa, to assess the influence of altitude on drought severity and frequency. The observed spatiotemporal heterogeneity in the SPI variability revealed that factors governing drought interannual variability varied markedly within the region for the two subseasons. Strong correlations between = 0.76 and 0.93 across the clusters in both subseasons were observed. Significant shift in average SPI, towards the high during the OND subseason, was detected for the far western lowlying and central regions of the province around the 1990s. An ANOVA test revealed a significant relationship between drought severity and altitude during the OND subseason only. The impact of altitude is partly manifested in the strong relationship between meridional winds and SPI extremes. When the winds are largely northerly, Free State lies predominantly in the windward side of the Drakensberg Mountains but lies in the rain shadow when the winds are mostly southerly. The relationship between ENSO and SPI indicates stronger correlations for the early summer subseason than for the late summer subseason while overall presenting a diminishing intensity with height over the province.
Introduction
Climate change impacts have been well recognized by researchers, environmentalists, and politicians [1] [2] [3] . The recurrence of extreme climate events has been identified as evidence of climatic change [4] . Studies in America [5] , Europe [6] , and Asia [7] have been done to examine the prevalence of extreme climate variables. In Africa, similar studies have been done in the north and central parts of the continent [8, 9] but with little attention given to the south. Southern Africa is regarded as semiarid with high annual rainfall variability that has drought as a common feature [10] . The impact of drought is ranked top compared to other natural disasters [11] . While several studies have been done on climate variability in terms of rainfall, contrasting results have been observed especially for semiarid regions [3] . Research studies that have been done on high elevation areas since the 1990s have concluded that climate change will severely affect the mountain regions of the world [12, 13] . For example, the frequency of extreme droughts has increased in the mountainous regions of Northeast and North China [7] . In recognition of this reality, the United Nations Secretary General declared the year 2002 "The International Year of Mountains." In face of climate change, mountain biota will suffer the most, as it is adapted to relatively narrow ranges of precipitation and temperatures [14] . Studies on mountain regions are slowly gaining attention in other parts of the world such as America [15] , Asia [16] , and slowly Africa [12, 17] .
A number of drought indices have been developed to understand drought. A drought index is a quantitative measure that characterizes drought levels by assimilating data from one or several indicators, for example, precipitation [18] . Among the most widely used indices are the Palmer Drought Severity Index (PDSI), Crop Moisture Index, and the Standardized Precipitation Index (SPI) [19] . SPI has become popular due to simplicity in its calculation, as it only requires 2 Advances in Meteorology rainfall data. It also allows for the detection of various types of drought that affect different systems and regions while enabling calculation of estimates of the duration, magnitude, and intensity of drought [20] . Agricultural drought, also known as soil moisture drought, exists when the available soil moisture is insufficient to sustain the crops and forage resulting in a decrease in agricultural productivity [21] . While SPI is designed for meteorological droughts, it can also be used to detect agricultural drought when calculated on a short time scale since soil moisture conditions respond to precipitation anomalies on a relatively short scale [21] . On longer time scale (say 12 or 24 months), it is more suitable for water resources management purposes. The SPI is based on the probability of precipitation occurrence over a given time period. Since precipitation is not normally distributed, a mathematical transformation is applied so that the transformed precipitation values follow a normal distribution. It is after this transformation to normal distribution that the classification of frequencies of the extreme and severe droughts experienced at any location and timescale becomes consistent [20] . The SPI, however, like any other index, has its limitations; it does not take into account the contribution of other variables to drought severity, for example, the atmospheric evaporative demand [22] . In addition, SPI does not provide reliable estimations in arid climates [23] . Despite these shortcomings, the SPI remains one of the most widely used and acceptable indices in climate research, with its tried and tested effectiveness in decision making [24] .
Understanding the climatic conditions in mountain regions is not only important for agriculture but for biodiversity studies also, since life in the mountains is not driven by elevation per se but by the climatic conditions associated with elevation [25] . In this study, the only part of the mountain range that lies within the political borders of Free State Province was considered in order to provide a comparative analysis between mountainous (to the east) and low-lying areas located to the west of the province. An indepth analysis of mountain related intensity, frequency, and spatial extent of extreme droughts at a higher resolution is necessary for a more comprehensive assessment of drought impacts. This work focused on short term meteorological droughts (3-month SPIs for December and March) because they can serve as proxies for agricultural droughts which are important in the Free State Province. Understanding these droughts will be critical for understanding the resilience of the region in the future. Hence, the objective of this study is to analyze severe to extreme drought as well as severe and extreme wet conditions in mountain regions of southern Africa, with particular emphasis on the Drakensberg Mountains within the borders of the Free State Province of South Africa for the period between 1960 and 2013.
Materials and Methods

Study Area.
The study area is confined to the political borders of the Free State Province of South Africa (Figure 1(a) 2 . The climate of the Free State Province is highly influenced by the geographic location, which is continental and is characterized by warm to hot wet summers and cool to cold dry winters. The rainfall season spans from October to March. Greatest amounts are received in January and February, giving the JFM subseason more average total precipitation than the OND subseason, with 56 percent contribution towards the seasonal total precipitation. A west to east seasonal monthly average precipitation increase has been observed over the province with the extreme west receiving a monthly average of not more than 50 mm while the extreme east receives an approximate of over 100 mm during the October to March period ( Figure 1(b) ).
Data.
Monthly mean precipitation (mm) covering the 1960-2013 period was extracted from Climate Explorer's Climate Research Unit (CRU TS4.01) gridded data file at 0.5 ∘ × 0.5 ∘ spatial resolution (available from https://climexp.knmi.nl). The wind data was downloaded from ERA-interim (Resolution T255), which is currently the largest global atmospheric reanalysis dataset and produced by the European Centre for Medium-Range Weather Forecasts (ECMWF). The analysis was done online using Climate Explorer. These data products are principally derived from observations in line with the World Meteorological Organization guidelines and are freely available online. In many developing countries observational data with required data lengths and quality are unavailable [29] . It is because of this limitation that the use of reanalysis data has gained popularity within the climate science field. Several studies have shown that while the use of these datasets may not be as accurate as station data, the difference is insignificant in many of the cases [30] . The period of 53 years meets the minimum climatic analysis duration requirement outlined in the World Meteorological Organization guidelines [31] .
A total of 107 grid points was used in the analysis covering the Free State Province. The grid points in the immediate borders of the province were also included as the influence of these points contributes to the overall climate characteristics of areas within the province (Figure 2 ). The province was divided into three homogenous subregions or clusters based on altitude. This was done using Hot Spot Analysis (HSA) in an ArcGIS (version 10.3) environment. The use of special analyses such as HSA helps in identifying groups of locations with high spatial homogeneity and it has been shown that such segregation may significantly increase the quality of interpolation results [32] . Cluster analysis does not require a priori knowledge on data structure such as normality condition as required in other statistical tests [33] . Adapted from [26] and modified by [27] to enhance suitability for application in southern Africa. The original classification was developed by [28] . droughts and wet characteristics of the different areas within the province. Further, the Inverse Distance Weighting (IDW) method of interpolation was used in preparing the frequency maps. The IDW technique assumes that each measured point has a local influence that diminishes with distance; thus it gives an output surface that is sensitive to clustering and the presence of outliers.
Monthly precipitation values were used to compute SPIs at 3 months' scale, for periods January-March and October-December using Drought Index Calculator (DrinC). The distinct climate controls of the subseasonal rainfall in southern Africa warranted that the analysis be done by splitting October-December from January-March. During October to December, usually regarded as early summer, the atmosphere has a predominant extratropical nature with frequent cut-off lows [34] . In January and February, tropical circulation systems are much more prevalent over South Africa with local convection dominating [35] . The two subseasons were arranged for analysis in such a way that OND SPI for 1960 matched JFM SPI for 1961. This is because the rainfall season overlaps two calendar years; thus, the continuous season of October-March is split into October-December of the previous year (1960) and January-March of the following year (1961). To avoid splitting the precipitation season, the meteorological year in southern Africa starts in July and ends in June of the following calendar year and hence is usually referred to as a season 1960/61. In this study, the subseasons were analyzed separately. Trends in the two subseasons were studied using parametric tests for these are regarded as more powerful especially for data that is regarded as independent and normally distributed [36] .
Computing SPI.
The SPI was calculated using monthly precipitation data for 53 years (1960-2013) following detailed procedure described by [28] and expressed using the formula
where is the monthly rainfall amount, is the mean, and is the standard deviation of rainfall calculated from the whole time series of monthly values. Using the SPI classification by [27] (Table 1) , only severe to extreme droughts (SPI ≤ −1.282) were analyzed so as to amplify the drought signal.
Frequencies of drought years and the proportion of at least severe drought years in the two subseasons in the three individual clusters were calculated. ( ) represents the total count of drought years from slight drought to extreme drought. The percentage frequencies were calculated as follows:
Number of severe (extreme) drought years Total number of drought years in 53 years
where drought is the total count of SPIs ≤ −0.524. To determine how drought severity is linked to altitudinal variability we applied the composite analysis technique. We extracted the five worst drought years of at least SPI ≤ −1.282 at provincial scale. The years comprised 1965, 1972, 1990, 1994, and 1997 . Averages for each of the clusters were plotted for the five severe drought years.
Results and Discussion
Temporal Variations of Drought Intensity in the Free State
Province. Using grid point data, average SPIs were calculated for the whole province to give the provincial average SPI and for individual clusters. The inclusion of provincial scale was done to enable comparison of droughts (wet) years at provincial scale with those at cluster scale. This would assist in determining the ideal spatial scale to use for drought preparedness and response for the region. The 10-year running mean demonstrates that the decades before the early 1990s had epochs of successive drought and wet years before oscillating around the mean thereafter. On the overall it is noted that the region is marked by droughts whose magnitudes have intensified in the last three decades. Since the JFM SPI patterns appear to be more random, we are more inclined to investigate further the OND period in search of less complex systematic drivers of the regional extreme events. It appears there is no clear-cut reason for the occurrence of wet or dry extremes in the region during JFM and hence it is likely that more local factors, which are not simple to identify in the absence of modeling, play a major role.
The local relationships to the SPI interannual and spatial variability of the Free State are still largely unknown. However, SPI values are dependent on a combination of several unrelated factors, such as number of rainfall events and their intensity and the onset and cessation of the season. An outstanding characteristic of the Free State region is its extreme spatial heterogeneity in SPI. It could be assumed that the heterogeneity is a result of the complex topography of the region that is largely shaped by the western parts of the Drakensberg Mountains. It is therefore interesting to investigate how this topography influences the drought signal throughout the region.
The three clusters obtained from HSA were maintained for the rest of the analysis and were used to assess the differences in drought evolution between low-lying areas and mountain regions in the southern part of Africa. Severe drought years at provincial scale between 1960 and 2013 were selected only for the OND subseason so as to show the variation in drought intensity for each of the clusters. This is because the JFM subseason is devoid of any significant shift in SPI as well as a well-defined pattern of variability. From Figure 4 (a), Cluster 3 has the highest drought frequency and the highest percentage of severe droughts while Clusters 1 and 2 both have equal frequencies and proportion of severe droughts but lower than those experienced in Cluster 3. Thus, although Cluster 3 recorded the highest frequency of droughts, more extreme droughts occurred in Cluster 1. The severe droughts proportion is increasing with cluster while the extreme droughts are decreasing. The -test results for the significant difference between droughts of adjacent clusters revealed that although there are no significant differences between the adjacent clusters' composites, Clusters 1 and 3 show a significant difference with = 0.1054 (90% confidence level). Figure 4(b) shows the distribution of drought severity in the three clusters in the composite years summarized in Figure 4 (a). The composite years for the three clusters are 1965, 1972, 1990, 1994, and 1997 . Drought severity decreases with increasing altitude, a transition from Cluster 1 to Cluster 3 during the OND subseason only. None was observed during the JFM subseason. However, Cluster 2 experienced the most intense droughts in 3/5 years of the worst drought years at provincial level. The variation of drought intensity with cluster indicates that the droughts are not evenly distributed in a season and could have their evolution strongly influenced by relief.
To measure the association of the SPI records in the three clusters during the OND subseason, linear correlation coefficient, , was calculated. Pearson correlations of the SPI among the three clusters for the OND subseason show that there is a significant positive relationship between Cluster 1 and Cluster 2 ( = .895 * * ), Cluster 1 and Cluster 3 ( = .763 * * ), and between Cluster 2 and Cluster 3 ( = .894 * * ). This result implies that dry/wetness variations in all the clusters are highly correlated. It clearly shows that the relationship between clusters is weaker and more varied for OND, an indication of weaker spatiotemporal homogeneity. SRSD found a statistically significant shift in SPI variance in Clusters 1 and 2 around 1990 ( = 0.000 and = 0.003, resp.) during the OND subseason ( Figure 5 ). While there is a strong positive correlation between the clusters, the result of the distribution of the differences between the paired clusters (paired differences) shows that there is no statistically significant difference between the pairs during the JFM subseason.
The spatial distribution of drought frequencies in the two subseasons is shown in Figure 6 . The figure shows hot spots for drought (SPI ≤ −1.282) years during the two subseasons. The highest frequency of droughts is concentrated within the central belt of the province, giving a more horizontal belt of areas most prone to droughts of great intensity during the early summer subseason (Figure 6(a) ). This suggests further investigation into the identification and analysis of the factors that may be contributing to increased vulnerability of these areas to severe droughts during the OND subseason. however, the areas prone to severe droughts are to the extreme northeastern tip, the central west, and the extreme southeastern areas of the province (Figure 6(b) ). The influence of altitude on drought severity was tested using ANOVA. Results are shown in Table 2 . The results show that altitude has significant influence on drought severity in the Free State Province in the OND subseason but not during the JFM subseason (in brackets). This influence is shown to be significant ( {8,2637} = 2.54; > 0.01). This means that the OND droughts vary significantly with altitude while the JFM drought variations are not associated with variations in altitude, confirming that the systems that bring precipitation to the region are different. Those for the OND are altitude related while those for the JFM are not. This implies that relief rainfall, which is wind related, is a possible candidate to explain the relationship between droughts and altitude during the OND period.
Analysis of variance results on the altitudinal influence on drought/wet frequency reveal significance during the JFM subseason only for both severe drought and severe wet conditions (in brackets) ( Table 3 ). This means that frequencies of JFM severe drought and wet episodes vary with altitude.
Wind Patterns Associated with Drought/Wet Events over
Free State. Convection is less prominent during the OND period and hence relief rainfall should dominate the mountainous region of Free State. Moreover, since relief has been found to significantly impact on the subseasonal drought magnitude, then a more likely factor to affect the rainfall 8 Advances in Meteorology received at a particular place is its wind speed and direction. This is because these two parameters determine the amount of moisture carried by an air mass and the rate of relief forced adiabatic cooling which is subsequently translated to rainfall. This implies that a particular place can be in the rain shadow/windward side of the mountain depending on the prevailing wind average characteristics of that season. Therefore, in this section we analysed the wind characteristics for the drought and wet events to determine the extent of the wind impacts in defining the drought/wet spatial properties for selected seasons for the Free State Province. The strong linkage between drought and altitude is an interesting observation (Table 2) . Rain producing systems in the vicinity of the Drakensberg Region consist of two types [37] . The predominant sources of rainfall are largescale line thunderstorms and orographically induced storms. The former are more prevalent during the solar enhanced convection of the JFM subseason. As such, the latter are related to the surface wind characteristics like humidity, wind speed, and direction which should account for most of the rainfall during OND as this has a large bearing on the windward and rain shadow aspect of a particular place. In this regard, in Figure 7 we present the drought/wet composites in relation to the zonal and meridional anomalous winds at the near surface (850 hPa). It is noted that the surface winds appear to be the most robust link to the drought and wet events during this subseason. Figure 7 indicates that, during drought, near surface winds are westerly (a) and northerly (b) with an anomalous high pressure having been built up to the west of the region (c). This is further illustrated in Figure 7 (c) where the vector winds are southeasterly over the Free State region that are driven by a low pressure anomaly situated to the southeast of the subcontinent as indicated by the geopotential heights. This is bound to advect relatively cold and relatively drier maritime winds into the region. The wet year composites indicate the opposite where the winds are strongly northerly (e) with almost no zonal wind anomaly (d). Figure 7 (f) reiterates the corresponding vector winds which are northerly over the region that are driven by a high pressure anomaly area to the southwest of the region as reflected by the geopotential heights. These winds advect relatively warmer and humid tropical air into Free State that is forced to rise as they approach the Drakensberg uplands to the south. We hypothesize that the low-level northerlies would enhance the orographic effects of the Drakensberg highlands over the Free State Province, where the rainfall has been noted to generally increase with altitude. Therefore northerly wind anomalies are linked to wet events while southwesterly wind anomalies are linked droughts over the Free State region.
To illustrate the strong regional connection of the wind factor to the SPI, we present in Figures 8(a) and 8(b) the spatial correlation of the averaged Free State SPI with the surface zonal and meridional winds. The significant association with the two wind fields is quite conspicuous where the droughts are related to westerly and southerly wind anomalies while wet episodes are linked to the reverse wind anomalies. The impacts appear to weaken drastically towards the summit of the Drakensberg Mountains. This weakening demonstrates the visible impacts of the increasing altitude from the west and north of the mountains. Thus, despite the amount of moisture that is carried by the winds to determine the drought/wet episodes, the direction of the wind relative to the uplands also determines which place becomes the rain shadow and which does not.
Altitude Modified SPI Relationship with ENSO.
The ENSO relationship with the JFM SPI for Free State is weak with an inverse correlation value of −0.29 and a value of 0.032 while that for OND SPI is relatively stronger with a value of −0.385 and a value of 0.004. In Figure 9 (a) we present the relationship between ENSO and the three clusters during OND and JFM. It is interesting to note that the relationship is strongly determined by the clusters in both cases hence signifying the impact of relief on the ENSO's influence on the extreme rainfall events. It is evident that ENSO's impacts are strongest in the lowlands but weakest over the highlands. Relief modifies the rainfall received at a place and the higher the altitude is, the more modification to rainfall occurs. Hence, this observation reiterates the important role played by relief in weakening ENSO's impacts on the rainfall events. It is, however, noted that the correlations are stronger for the OND than for the JFM period for all clusters. Figure 9 (b) supports the observation that El Nino not only does impact more strongly on the OND than the JFM period but also shows a greater influence on Cluster 1. As such the altitude for the Free State Province strongly demonstrates a robust relationship with ENSO.
Conclusions
The objective of the study was to assess the influence of altitude on drought severity and frequency in the Free State Province of South Africa. The study revealed the spatial heterogeneity in the SPI over Free State and showed that the factors governing drought interannual variability varied markedly within the region and from the early part of the rainfall season to late subseason. Highland areas (Cluster 3) have the highest frequency of droughts although more extreme droughts occurred in the extreme western low-lying regions (Cluster 1). Significant differences among clusters during the early summer season, OND, were observed. These results are evidence that altitudinal variations have a significant impact on drought severity during the early summer season but not in the late summer season. The study targeted droughts of SPI ≤ −1.282. The relationship between ENSO and SPI indicates stronger correlations for the early summer subseason than for the late summer subseason. The local impacts of ENSO are strongly impacted on by altitude where the lower regions are stronger but weaker at higher altitudes. Mountains are an important ecosystem resource that warrants effective conservation strategies for what transpires in the region govern numerous economic activities often well beyond the boundaries of the mountain areas themselves. It is from this perspective that Disaster Management agencies need to consider the vulnerability of the province to drought conditions.
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